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2807functional and prognostic assessment in patients
with pulmonary hypertension. The authors report
that right ventricular 3D endocardial area strain (AS)
was the best predictor by receiver-operating charac-
teristic curve analysis of a right ventricular ejection
fraction <40% compared with 3D-derived longitudi-
nal strain (LS), circumferential strain (CS), or radial
strain; in addition, in a stepwise logistic regression
model, it remained the only signiﬁcant independent
prognostic factor of mortality. In the legend for the
Central Illustration, endocardial AS was described as
the sum of LS and CS. These statements deserve some
comment.
First, no head-to-head comparison was performed
with 2-dimensional (2D)-based speckle tracking
strain measurements of LS and CS. 2D echocardio-
graphic data for speckle tracking have higher tem-
poral and spatial resolution than 3D acquisition;
for example, Smith et al. (1) used 3D acquisition
rates of 14 to 15 frames/s, compared with the >40
frames/s rates typically requested for 2D speckle
tracking.
Second, analytically, AS can be calculated from CS
and LS (2). In a simpliﬁed analysis (leaving out the ef-
fect of somewhat different measuring sites for the
different strains), an endocardial rectangular area with
sides L and C and area L0 $ C0 at end-diastole would
deform to an area of (L0 þ L0 $ LS) $ (C0 þ C0 $ CS) at
end-systole. AS then becomes AS ¼ ([L0 þ L0 $ LS] $
[C0 þ C0 $ CS]  L0 $ C0)/L0 $ C0, which simpliﬁes to
AS ¼ CS þ LS þ CS $ LS.
Because CS and LS are typically negative percents,
AS becomes smaller in absolute terms than the sum of
CS and LS, which is actually the case in the values
reported in the paper. Irrespective of this detail, it is
difﬁcult to accept that the composite parameter AS
would have fundamentally superior physiological or
prognostic value than the component strains that
uniquely determine it and can be measured with
higher resolution by 2D methods.RS = 0.55
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Magnitude is constant, with initial conditions deﬁned as an RS of
0.5, CS of 0.20, and LS of 0.17. CS ¼ circumferential strain;
LS ¼ longitudinal strain; RS ¼ radial strain.RE F E RENCE S
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The full characterization of the 3-dimensional (3D)
strain tensor requires its instantaneous magnitude
and direction and is decomposed into 3 tensile
strains and 3 shear strains. Assuming a constant
ventricular mass, area strain (AS) is a function of all
3 tensile strains because endocardial area can only
decrease if radial length increases and thus is less
sensitive to directional changes. This is illustrated in
Figure 1, where directional change is effected by
multiplying radial strain (RS) by 0.8 through 1.15.
Circumferential strains (CS) and longitudinal strains
(LS) vary from baseline by a factor of 0 to 2, whereas
AS varies by a factor of 0.85 to 1.1. Furthermore, AS
did not vary for a given RS, in contrast to CS and LS.
The statistical explanation for AS bumping the
derived strains out of the logistic regression is
therefore clear; the individual tensile strains can add
no further information to AS.
The predicted arithmetic relationship between
AS, CS, and LS will be correct on average. However,
as with all models of biological behavior, there may
be considerable segmental variation within and
between individual subjects. This variation would be
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2808ampliﬁed by attempts to calculate AS from CS and LS
derived from 2-dimensional (2D) speckle tracking,
where there would be doubt regarding concordance
of measurement sites.
When using a perceived strength of one method-
ology to critique another, one must take into
consideration the limitations of the former. There is a
saying: “if you see the world in black and white,
you’re missing important gray matter,” and so it goes
with 2D strain. The missing gray matter in this case
are speckles that are “lost” as they leave the thin 2D
slice plane as the heart twists obliquely. To compen-
sate for this speckle loss, the program must con-
stantly ﬁnd new speckles and correlate their
movement to the speckles that were originally
tracked. As such, temporal resolution is quite im-
portant for 2D strain. 3D strain, on the other hand, has
much less speckle loss because the data remain
within the zone of interrogation and therefore the
frame rate may be less crucial.
The fact that speckles are able to be followed in 3D
allows the program to follow true myocardial move-
ment. Comparing 3D movement with a single plane
analysis would be like comparing apples and oranges.For a new technique to be valid, it is important to
assess its reproducibility and link it to clinical out-
comes; we have successfully done that (1). The
optimal frame rate for speckle tracking clearly re-
mains a matter of debate and may remain so until a
time when new machines are released with improved
frame rates. At such time, the perceived temporal
limitation of 3D strain may become irrelevant.*Benjamin C.F. Smith, MSc, DIC
Gary Dobson, MDCM, MSc, DIC
Petros Nihoyannopoulos, MD
*Echocardiography
Hammersmith Hospital
Du Cane Road
London W120HS
United Kingdom
E-mail: benjamin.smith@rbht.nhs.uk
http://dx.doi.org/10.1016/j.jacc.2014.10.012
R EF E RENCE
1. Smith BC, Dobson G, Dawson D, Charalampopoulos A, Grapsa J,
Nihoyannopoulos P. Three-dimensional speckle tracking of the right ventricle:
toward optimal quantiﬁcation of right ventricular dysfunction in pulmonary
hypertension. J Am Coll Cardiol 2014;64:41–51.
